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MONDAY 18 JULY 88 8h30 Registration

“Chairmen : 9h Welcome
H.U.HABERMEIER Session 1 9h30 SEM microcharacterization of semiconductors
by EBIC and CL.
D.B. BOLT
10h30 Electron and photon-matter interaction.
E. NAPCHAN
11h30 Break
A.JAKUBOWICS Session 2 " 12h Modelling of the EBIC measurements of

diffusion lengths and the recombination contrast.
C. DONOLATO.

14h POSTERS

5.R.BOOKER Session 3 16h Minority carrier diffusion length : measurement

by EBIC, connection to material microstructure.
M. KITTLER, W. SEIFERT.

17h ROUND TABLES : parallel sessions
1) A. JAKUBOWICZ
2) J.~F. BRESSE

19h SOCIAL EVENT : wines and songs.

TUESDAY 19 JULY 88

M. WILSHAW Session 4 Sh STEM-catholum: ~escence...
J.". STEEDS
10h Intrinsic or extrinsic origin of the recombinations
at defects.
B. SIEBER
ilh Break
" A.ROCHER Session 5 11h30 LBIC quantitative mapping.
A. LAUGIER
14h POSTERS
. SCHROTER Session 6 16h  Scanning DLTS.

0. BREITENSTEIN

17h ROUND TABLES : paralell sessions.
1) J.-L. MAURICE
2) W. SCHROTER




® ®

WEDNESDAY 20 JULY 88

M.DUPUY Session 7 9h CL in laser heterojunctions.
P. HKENOC
I0h ©  CL in quantum-wells.
J. CHRISTEN
11h Break
Y.MARFAING  Session 8 11h30 Electron and optical beam testing of
integrated circuits.
J.P. COLLIN
14h ROUND TABLE
D.B. HOLT

15h POSTERS AND FAREWELL TEA.
16h30 END of the workshop.
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LECTURE ABSTRACTS




Scanning-DLTS
O, Ereitenstein

nstitute of Solid State Fhysics and Electron Licroscopy,
Lcedery of Sciences of the GDR, DDR-4010 Helle, CGermen Dem. Rep.

Scenning Deep Level Transient Spectroscopy (SDITS) is a current SEM
technigue for the detection of the local distribution of deep level centres
in semiconductors /1, 2/. It is besed on tke application of the widely used
DITS technique meesuring capecitance - or current trarnsients on a spece
cherge structure after excitation pulses 23 a function of the tempereture.
2y meens of Scenning-DLTS - i.e,., the excitation of the levels by en electron
probe - deep level states can te investigated spectroscopically with a
spatial resolution of a few microns. Scanning the pulsed electron beem (at
e tempersture selected according to an interesting energy level) yields an
SDLTS image, end scanning the sample tempersture with the electron teem
fixed et a certain position yields the DLTS spectrum teing specificelly

for this very position (Local DLT3).

The contritution deels with the physicael foundations of the SDLTS tecinique
erd i{ discusses the demands on the instrumentetion. The messurement prac-
tice ig described and illustrated on several experimental examples.
Finally, the possibilities and limitations of SDLTS are criticelly re-
viewed,

refererces

/1/ P.Jé. Fetroff, D.V. Lang, Appl. Fhys. Lett. 31, 60-62, 1977
/2/ O, Breitenstein, J. Heydenreich, Scanning 7, 273-289, 1985




LATERAL MAPPING OF ATOMIC SCALE INTERFACE
MORPHOLOGY AND DISLOCATIONS IN QUANTUM WELLS
BY CATHODOLUMINESCENCE IMAGING

J. Christen and D. Bimberg
Instituz fiir Festkorperphysik, Technische Universitdt Berlin,
Hardenbergsirafe 36, 1000 Berlin 12, Germany

Qur present knowledge of the atomic scale structural, chemical and electronic properties of
semiconductor interfaces is inversely proportional to their importance for a whole
generation of novel electronic and photonic quantum well devices. It is the purpose of this
paper to demonstrate how wavelength- and time- resolved cathodoluminescence
imaging (CLI) provides a one-to-one image of the crystallographic island structure of the
heterointerfaces which are the boundaries of the quantum well.

A detailed description of the fully computer controlled cathodoluminescence (CL) system
1s given. The accelerating voltage, which is choosen to be 30 kV in our standard CL work, is
lowered to 3 kV in order to reduce the diameter of the carrier generation volume resulting in
an increase of the lateral CL resolution. The exciting electron beam is digitally scanned over
a sample area divided in up to 512 x 400 pixels. The CL signal is detected in the visible and
near infrared regime (GaAs quantum wells) by a cooled photomultiplier using the technique
of time resolved single photon counting. The total time resolution is better than 250 ps.
Our data acquisition technique has the unique advantage that simultaneously up to 14 time
windows can be activated, enabling us to record up to 14 spectra or up to 14 images
corresponding to different times with respect to the start of the exciting pulse in a
single run.

Results on AlGaAs/GaAs/AlGaAs quantum wells are presented as a typical example.
Direct images of growth islands differing by one monolayer height (2.8 A) at
GaAs/AlGaAs heterointerfaces and of the columnar structure of GaAs QW's are observed.
The dependance of the lateral extension of these islands, which for certain growth conditions
exceeds 6-7 pm, on the parameters of crystal growth is investigated. A transiuon from 2
dimensional to 3 dimensional crystal growth due to an increase of the MBE growth
temperature from 600 °C to 620 °C is clearly observed.

Spectrally- and time-resolved CLI experiments directly visualize the lateral diffusion
of the quasi two dimensional carriers along the quantum well interfaces and provide a
measure of the in-plane diffusion velocity in quantum well structures.

The CLI detection setup is further extended to the infrared regime, by adapting avalanche
photodiodes to the photon counting system. This enables CLI and time resolved CLI
investigation of InGaAs quantum wells and related material systems.

Strain induced dislocations in pseudomorphic strained layer quantum wells (e.g.
GaAs/InGaAs/GaAs QW's) are directly visualized by infrared CLI. Time resolved
experiments yield lifetime images arround these dislocations.




' SLECTRON AND OPTICAL ZEAM TESTING OF INTEGRATED CIRCUITS

“he evoluticn cf Integreted Circuits technolegy arnd architecture s pushing teday the
zsscciated test and characterization techncleogy to even higher levels.
Tne test must not only present even higher rararmetric rerfermances like voltzge, temperal
eans spatlal resoluticns and a geood fault coverage tut also high level functicralities like
a CiD link and asuteoreticn capabilities.
ach and all c¢f these cheracterigtics, when they zre identified as czeasur
icnal “e—‘crra*ces, ~eed more and more of zn alternative to the standard
:terral 2lectrical test znd the interral rechanical predirg.
“his alternative deces exist znd corresponds to a set of techniques which are gererazlly
gualified as intermeal ccntactless testing techniques. Although some cf them have “een
intrecduced and used for zany vears, the recent last vears havae seen their diffusicn into
the industry through commercial equiprents @ it is the case of I, Zeam testing and sheto-
'*citaticq which ere fzst teccming starndards of the Integrated Clrcui:s bulk preducticen
zracterizaticn end test. For the mest adverced Integrated (ircuits ervd peackeage techno-
-cgy, some cther new technigues have heen meore recently introduced to eddress the tvpiceal
needs of the "tevond cre micren and/or the 50 piccseccnds gate delay", This is fer e\=.~1e
the case of HI3Ts or HEMTs cevices.
paper presents zn overview of I, 2eam testing znd laser testing technigues de
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?le and giving Zor them applicaticn examples in the deormain of Integrated Cir-
aralvsis -2 cheracterization. Tinallv, as it Is clear thet rc single test
T previcde & ccost erd techricel effective erever to the wice rarge cf lic
€s erc ttet & divide-ard-ccrcuer éprroech seess mcre aprrepriate, ar
111 e presented.




C.Dornolzto
CNR-Istizuto LAMEL
Via Castzgnoli 1, 10126 Bologna, italy

Summery

&

deling of EBIC experiments is usuzlly dorne by describing: a) the
generztion of electron-hole pairs in a semiconductor by the electron
beam; ») the diffusion of beam-injected minority carriers and their
recombination in the bulk, at the surface and extended defects; ¢}
carrier collection by a Schottky or p-n junction.

The aiternative description proposed here relies on the notion of
charge-collection probability g¢(r), i.e. the probability that a miro-
rity carrier generated at r will e collected by the junction. It is
shown that the distribution g(r) in a given device can be found by
solvirg a homogeneous diffusion equation, and the induced current
is the resuit of probing this device property with the generation
function of the electron beam.

Tre most frequent EBIC experiments are revisited using this ap-
proach znd in scme cases a simplification of the mathematical treat-
ment is obtzined. It is shown that some useful methods of recovering
semiconductor or defect properties from EBIC measurements make use
of asymptotic or average (integral) properties of ¢. In particular,
the use of the EBIC contrast profile area (instead of the maximum
contrast) f{or establishing the recombination strength of defects al-
lows a reduction of the number of dimensions of the corresponding
contrast model.




2. OHEROC, B, OAKAMATSEU, 3. MAXTINS

Tre cathcdcluminescence nocde (CL) of the Scanning zlsctren
Micrcesccp2 (SEM) allews evaluating loczl preperties of the active
layers of deoulle-hsteroiuncticn lasers In <the CL mcde the
shencnenon ¢f carriers separaticn cazused by a space charge regicn
iz generzlly aveided by the chbservaticn ¢f hetarcstiructures without
elzctrical Juncticn; but this cbservaticn is not usable feoer a laser
characterization because ecma problems at the haterotype juncticns
can also occur

The applicaticn of an tias or the creaticn of zn
internal polarizatica due to a lcczl zccocumulation of carrisrs under
2lzctren bormtardment., may zlso bte 22ed to sveid this phencmeron
The znalysis of the CL signel frem cleaved laser facets zs a
funection of the external tias and ¢f the incident beam power gives
trrz2 regimes The first cne is a regime of nen-radiative
recorn mi o in ctive laver £
oo e
\:.

]
O
=
i

X
K 25, it is poegsikie to oktazin a loeazl evaluzticn cf tha
i ty. of the internzl efficiency of +the zctive laver zard
< Zzin.

To exglzin guantitativaly “he results we grepese an analyticsl
firm ¢f the tricdimensiconal zerneraticn Zuncticn, derived ircm a Yonta
Szl tory simulation. The spatially averaged cuality and
€ geneity of GalnAsP doutle-heterojunction lasers have
o d with spectroscericelly resclved CL.




SEM MICROCHARACTERIZATION OF SEMICONDUCTORS BY EBIC AND CL
D.8. ECLT

Department of Materials.
imperial College of Science and Technology.
LONDON 3SW7 2BP

Abstract - Scanning electm»n microscepe (SEM) EBIC (electron heam induced
current) and CL (cathodoluminescence) methods are set in verspective by
a brief survey of techniqgues of value in the inspection and characteri-
zation of semiconducting imaterials and cdevices. EBIC and CL observations
can te made in conventional SEMs. in dedicated. ultra-high vacuum STEMs
{scanning transmission E£.M.s) and in Temscan-tvre instruments {(trans-
mission E.M.s with scanning facilities) and the relative merits of these
instruments are outlined.

Several recent advances in SEM EBIC and CL microcharacterization
(physical property measurements with a spatial resolution of a um) are
emphasised to provide a perspective for a brief account of some current
developments in these {ields.

The availability of theoretical treatments make it possible to extract
reliadble values of electronic and luminescence properties.

The emergence of guantitative EBIC and CL defect c¢cnitrast theories makes
possible the determination of 1the recombination strengths and other
characteristics of defects giving dark contrast. Microcomputer Monte
Carlo pgrograms are now available for the simulation of electron trajec-
tories and the computation of energyv dissipation distribution and hole-
electron pair generation functions. These can hYe used to compute EBIC
and CL contrast profiles., which makes the extraction of phvsical para-
meter values from the data far more practical.

EBIC analyses are being extended to a number of challenging new problems
One of these is bright or dark/bright defect contrast. Another is the
microcharacterization of Schottky barriers with non-uniform heights and
charge collecting barriers such as heterojunctions. whose energy band
diagram i< wunknown. The application of 1image vprocessing to VSLI
circuits for the rapid location of defects is progressing. Warwick has
given an interesting first discussion of the MAS corrections. analogous
to the well-known ZAF corrections for EPMA (electron proke micro-
analysis), that will be needed for quantitative CL microanalysis.




MINCRITY-CASRIER DIFFUSICN LENGTH: MEASUREMENT BY EBIC, CCONNECTICN TO

MATERIALS MICROSTRUCTURE AND RELATION TO DEVICE PERFCEMANCE

M. Kittler and W. Seifert
Acadenmy oI Sciences of the GDR
Institute of Semiconductor Fhysics, Frankfurt(Qder), CDR-1Z00

After an introcuction to recembination phenomena, with gparticular
emphasis on silicon, the existing different EBIC %echniques for diffu-
sion-length measurement in homogenecus material are discussed and
compared. A new technique developed recently by us is described.
Diffusion-length measurement in thin layers is briefly treated, too.
Further, a method for evaluation of diffusion-length depth profiles is
given and its utilization for characterization of intrinsically get-
tered silicen is demonstrated.

The centribution of closely neighboured defects having ZBIC contrast
to the mean diffusion length is investigated. The application ¢f the
derived formulae to heat-treated Cz silicon is discussed and allcws to
identify essential sources of bulk recombination in this kind of
material.

It 1is demonstrated that more detailed information about recombinaticn
processes may be obtained from diffusion-length measurements (e.g.
energetic levels of recombination centres, concentration of intersti-
tiai iron in boron-doped Si).

Diffusion-length-related effects on device behaviour are dealt with,
too, showing that diffusion-length measurements may be useful in the

context of a "lifetime engineering’.




LBIC QUANTITATIVE MAPPING

A.LAUGIER and I.P. BOYEAUX

Laboratoire de Physique de 1a Mauére. Institut National des Sciences Appliquées de Lyon .
U.A.CNRS n®358. Bat. 502. 20, Av. A. Einstein. 69621 Villeurbanne Cedex. France.

A localized source of excess carrier in semiconductors can be produced by a finely focused
ionizing beam. With a suitable swucture of collection - namely a p/n or Schotiky junction - the
generated carriers give a current available in an external circuit. Analysis of the signal thus
obtained can provide valuable information on the local transport propernties of the material under
test.

Primarily, the surface probing can be carried out either by an electron-beam or by a
light-beam. The method of eiectron-beam-induced-current (EBIC) characterization has been widely
used and several attempts have been made to characterize the signal thus emitted. However, inany
of the experiments possible with the EBIC mode can be performed using a light-beam as the
excitation source.

The aim of this paper is to give a review of the physical parameters that may be obtained
using the LBIC method. To quantitatively interpret the induced current signal, several conditions
are required, in pardcular: (i) a measurement of the beam power and a control of the low injection
level in order to avoid any change in the local transport properties. (ii) a measurement of the
retlecdon coefficient at the device level.

Morever, the principle of carrier generation by light is different in comparison to that by
elecrons: (1) a photon with energy excess than the band-gap of the material generates a single
electron hole pair; (ii) since light absorption follows an exponential law, it is not possible to define
a maximum penetration depth in the sample; (iii) recently, the finite beam cross section and
divergence has also been taken into account. Since the LBIC mode would not add any excess
charge 1o the specimen under test, this can be a major advantage, especially for high resistivity
material.

On the other hand, a contrast mechanism is necessary to interpret quantitatvely the LBIC
signal for a specific defect. For example, Marek has recently developed a theoretical model giving
the photocurrent in the vicinity of grain boundaries. The diffusion length and the recombination
velocity at the grain boundary are obtained by fitting the theoretical and experimental photocurrent
profiles. In the next part of the paper, a description of a high spatial resolution apparatus
designed for a precise analysis of the local photovoltaic properties is given. Usually, a GaAs laser
diode ( 780 nm in wavelength ) is used in pulsed mode. This wavelength is well suited for Si
material ( the carriers are generated by the light upon 10 um ) and also for the study of the window
effect and the AR coatng behaviour in the case of LI-V solar cells. The numerical photocurrent
value for each geometrical point is averaged in order 1o get a2 good signal/noise ratio and the
associated value is transferred 10 the computer memory . The total image is stored under a matrix
form (M lines, N columns ) corresponding to the investigated area . A grey level or false color
two-dimensional topography is obtained on the color display monitor by selecting i photocurrent
intervals associated with i levels. Since 1984, the LBIC quandtative mapping technique has been
used to obtain several physical parameters such the intra grain diffusion length, the recombination
velocity for minority carriers at the grain boundary ( polycrystalline silicon device ) or the
recombination velocity at the front-window interface ( I1I-V device). A comparison between the
system presented and other similar commercially available devices such as Scanning Optical
Microscope is given.




ELECTRON AND PHOTON-MATTER INTERACTION

Eliazhu Napchan

Cepartment of Materials.,
Imperial College,

London SW7 2RBEP,

United Kingcom

Many physical phenomena that result from the interaction of a probing
beam with a solid target material depend on the beam energy dissipation.
Whether the purpose of the experiment is to study defects in a specimen,
or to characterize physical properties, energyv dissipation is the link
tetween the beam parameters and the measured signals (e.g. charge
collection current, cathodoluminescence light emission, N-ray generation
secondary and back-scattered electron generation).

Other factors are intrinsicallyv related to research work in the field of
defect studies in semiccnducting materials. The specimens studied are
usually in the form of completed., or almost finished devices. Their
geometry can vary between production runs. either hecause of preparation
conditions or from design changes. A great part of the work done is
carried out for quality control, or failure analvsis. Results of such
research are usually required on a short time scale.

The energy dissipation of a probing electron-beam inside a solid target
can be determined using empirical relations, mainframe Monte Carlo simu-
latisns of a large aumber of electron trajeciories. or simplified Monte
Carlo calculations run on micro-computers. The last approach will be
presented in detail here. It satisfies the requirements for speed and
flexibility with respect to specimen geometries, and can be easily
adapted to almost any type of experimental situation. It will be shown
that, in many instances, these methods are the onlv choice available.

The simulation is carried out on micro-computers. taking as input the

specimen geometry and composition. and the beam parameters. The
calculation is based on the Bethe energy loss relation and an empiri-
cally modified Rutherford relation for scattering of electrons. The

results consist of a graphical display of electron trajectories, an
energy dose plot, and a two dimensional matrix of energy deposition in
the specimen. This last output is used for the evaluation of the
required signals from the specimen, taking into consideration its
electrical and structural (defect) characteristics.

Results from such Monte Carlo simulations and their comparison with
experimentally evaluated data will be presented. These will include
work with heterojunctions and Schottky diodes with non-negligible metal
lavers, and charge collection current evaluations from cross-sectional
linescans.

For light prohe excitation no such methods are available. With the
increasing interest in techniques such as LBIC (light Gteam induced
current) and PL studies, and with the increase in resolution of these
techniques, it is possible that such methods will bhe developed.




Perfcrzance and Arplications cf a STEM-Cathodoluminescence System

J. W. Steeds Physics Derartrment
Urniversity cf Bristc
3ristol 3838 iTL U.XK.

Abstract

This review will start with an outline of the key features which need to be
incorpecrated into STZM-CL systems. A detailed evaluation cf their performance
in compariscn with SEM CL systems will be xmade, and also with the
characterisation of cdefects in semiconductors which is pcssible Ly
Fhctoluminescence. Advantages and disadvantages will be reviewed and the
importance of working with a icn-free electron source will be stressed.

Next will follow a review of the performance of STEM-CL systems in terms of
spectral rasoluticn, spatial resolution, time resolution, temperature
attainable and puxzping levels achievakle. Thin foil artefacts which contribute
to CL maps will be discussed and evaluated, specimen preparation strategies
will be described.Thickness dependence of spectra will be consicdered.

The application ¢f STEM-CL to studies of point, line and planar defects in
semicenductors will te explored. Impurity concentration effects will be
discussed, results from threading and interface éislocations reviewed,
together with stacking faults, interface steps, twins, precipitates and oval
cdefects. This review will include substrates, epitaxial layers, cenventicnral
heterostructures, cuantum wells and quantum dots. The materials used as
illustraticns will include silicon, III-V and II-VI semiconductors as well

as ternary alloys.

In ccnclusion, some attention will be given to the study cf electron radiaticn
dazage effects and to the combination of E3IC with CL in STEM systems.
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EBIC MEASUREMENTS ON LOW ANGLE GRAIN BOUNRDARIES

A. Bary and G. Nouet
Laboratoire d’Etudes et de Recherches sur les Matériaux
ISMRa - Université, Boulevard du Maréchal Juin
14032 CAEN Cedex.

The largest grains in Polix ingots contain several low-angle
grain boundaries. The electrical properties of high angle grain boun-
daries have extensively been studied by EBIC/TEM techniques (1) but
comparatively less attention has been paid to those of low-angle
grain boundaries. However for Polix materials, in the regions of
large grains, the total length of low-angle grain boundaries can be
much greater than that of high-angle grain boundaries. Moreover, in
general the low-angle grain boundaries exhibit strong EBIC contrasts
suggesting that their electrical activity 1is at least of the same
order of magnitude than the electrical activity of high-angle grain
boundaries.

In this paper, EBIC measurements were performed on several
low-angle grain boundaries. The samples are cut in as-grown Polix
ingots doped with boron at the doping level 2.10'% at.cm™'.

From the EBIC contrast profiles the recombination velocity
of the minority carriers at the boundary plane is determined (2).

It is found that the majority of the low-angle grain bounda-
ries are of tilt type, i.e. the rotation axis is located in boundary
plane, parallel to the dislocations lines.

For the low rotation angles (8 € 0.5°) the boundaries lle in
{110} planes which are straight on a very long distance. There 1§

only one family of edge dislocations with a Burgers vectors b = >

(110) normal to the boundary plane. 1In general, these low-angle
grains boundaries are free of precipitates.

For the middle range rotation angles (0.5° < 8 < 2°) the
boundaries are facetted. The dominant facet planes are (110} or
{111} and in some cases {211}. In the (110} facets there is one fa-

-

mily of edge dislocations b = 3 (110). The (111} facets contain

-

either one family of identical Frank partiai dislocations b = %

. . iq s 1
(111> or.a distribution of three different families B = 3 {110).

These boundaries often contain small precipitates located on the
dislocations.

For the high range rotation angles (2°* € 8 € 7°), in addi-
tion to these configurations more complicated ones are observed in-
volving (331}, {431) facets. These boundaries contain a high concen-
tration of precipitates.

The observed boundaries show recombination velocities V, in

the range 1.8 10°cm s'' to 15 10° cm s''. For the low and middle ran-
ge rotation angles, V _ increases 1linearly with the density of

dislocations ; V, is roughly constant for the high range rotation

angles. EBIC measurements have also been performed on low-angle

grain boundaries intersecting at a triple junction. It has been no-

ticed that in the range of low rotation angles, the EBIC contrasts

and recombination velocities V, show an additive behaviour at the

junction. This fact supports also the idea that V, is roughly pro-

portionnal to the dislocation density for low rotation angles.

These observations suggest that there are different mecha-

nisms of minority carrier recombination. One of the parameters on
which depend the actual mechanism playing a role is the dislocation
density.

1 - A. Bary and G. Nouet, J. Appl. Phys., 1988, 63, 2.




POSSIBILITIES OF FORMATICHN CF Z2RIGHT EBIC CONTRASTS DUE TO CRYSTAL

DEFECTS IN SILICON

H. Blumtritt+, M. Kittler++, and W. Seifert++

Academy of Sciences of the GDR

+ Institute of Solid State Physics and Electron Microscopy, Halle,
DDR-4020

++Institute of Semiconductor Physics, Frankfurt(Qder), DDR-1200

Besides the usual, well understood dark recombination contrasts, also
bright EBIC contrasts can be found at extended crystal defects in
silicon. Often they appear as bright halces arocund dark contrasts, but
sole bright contrats are observed, too.
Different mechanisms may lead to the formation of such phenomena, thus
rendering clear identification of the contrast origin difficult sone-
times.
The pcster discusses the possible origin of bright-contrast phencmena,
except rphencmena caused by microplasmas and surface atructure. The
following effects are {llustrated by examples:
- doping inhomcgeneities
contrast due to increased width of the Jjunction space-charge
region .
contrast due to plasma screening
- lifetime enhancement within getter zones
- charge collection by defect-own space-charge regions
- repulsion of minority carriers by charged defects
- other, injection-dependent effects.
Up to ncw there are no models available ¢to describe these

contrast phenomena in a quantitative manner. °




A New Approach for the Physical Interpretation of Temperature

Dependent EBIC Contrast Measurements

M. Bode and H.-U. Habermeier
Max-Planck-Institut fir Festkérperforschung
Heisenbergstrafie 1, D-7000 Stuttgart $0
Federal Republic of Germany

During the last decade several attempts have been made to obtain spectral information about defect
levels in silicon with temperature dependent EBIC measurements, but no generally accepted model
{or the interpretation of the results has emerged. Some of the models even come to contradictory
results (1,21

We will present a new model, which is based on the application of recombination statistics (Shockley-
Read-Hall) to the localized defect levels in the bandgap of the semiconductor. The temperature depen-
dence of the thermal velocity of the charge carriers ( v/T) on the one hand, and the inflence of the
drfect level and the Fermi energy position on the other hand lead to a maximum in the recombination
rate via this level, if the recombination rate is analyzed as a function of the sample temperature. The
EBIC contrast, which is a direct measurement of the recombination activity, reflects this dependence, if
the geometrical contributions to the contrast (i.e. mainly the diffusion length L of the minority carriers)
are assumed to be constant throughout the measured temperature range.

A re-interpretation of experimental results on dislocations obtained by Ourmazd (1) and Wilshaw and
Bocker [2] shows the applicability of this model. A common feature of many experiments, as observed
by Jakubowicz et. al. [3], finds a simple explanation as well as differences between measurements of
Kimerling et. al. and own measurements on individual stacking faults.

We will also present measurements of defects related to substitutional gold in silicon, which exhibits
the double peak structure expected for two levels in the bandgap. The temperature, where the peaks

appear can be analyzed and yields the two main levels of substitutional gold.

1) A, Ourmazd: Cryst. Res. Tech. 16, 137 - 146

) P.R. Wilshaw, G.R. Booker: Proc. Microsc. Semicond. Mat. Conf: IV, Oxford (ed. A Cullis,
D B Holt, Inst. Phys. Conf. Ser. 76, Hilger, Bristol 1985)

(3) A. Jakubowicz, H.-U. Habermeier, A. Eisenbeiss, D. Kass: Phys. stat. sol. (a) 104 (1987)

(4) L.C. Kimerling, H.J. Leamy, J.R. Patel: Appl. Phys. Lett. 30, 217 (1976)




Photocapacity study of grain boundary recombination in silicon ")
A. Broniatowski and D. Bernard,

o Groupe de Physique des Solides de 'E.N.S,,
Université de Paris VI, 2 Place Jussieu, 75251 Paris Cedex 05 (France).

Key ‘eatures of the grain boundary recombination in semiconductors derive
from the limitation of the electron and hole flows to the interface, due to
diffusion through the potential barrier of the boundary. There follows a feec-
back effect in the process of recombination, as the electrostatic potential in
the barrier is determined in turn by the charge state of the boundary traps. To
our knowledge, no satisfactory account has been given so far of this feedback
effect on the kinetics of grain boundary recombination. To obtain a consistent
picture of the electronic processes taking place at the interface, one has thus
to write down a set of coupled equations describing (i) the diffusion of the
carriers through the potential barrier of the boundari; (i) the recombination
of electrons and holes at the boundary traps (Shockley-Read recombinaticn
statistics); and (iii) the relationship between the variation of the electrosta-
tic potential in the barrier and the occupancy of the boundary traps (Poisson
equation). These equations allow one to determine the magnitude of the boun-
cary charge and the recombination current as a function of the density of in-
jected carriers. Last, by computing the current density through the interface
for a smail ac applied voltage, one obtains the expression for the complex
impedance of the boundary, that one needs to interpret the transport
properties of a bicrystal under light illumination.

In order to check the validity of this approach, we have carried out an experi-
mental study of grain boundary recombination bx_ the means of photocapacity
measurements on an n-doped silicon bicrystal. The experimental setup cons-
ists of an optical bench fitted with a YAG laser (1.06u) and a defocusing dev-
ice to meniter the density of minority carriers injected in the specimen. A
light chopper and a lock-in amplifier have been used to detect the photocapa-
citance signal at low injection levels. The measurements have been made on a
bicrystal, whose boundary states had been previously characterised by Deep
Level Transient Spectroscopy (DLTS) [1], and known to reduce to a single level
of a known density and energy location. The only fitting parameters left in
the model are thus the majority (electron) and the minority (hofe) carrier
capture cross-sections. By adjusting the theoretical master-curve to the ex-
perimental data for the variation of the photocapacity vs. the density of in-
- jected carriers, we find for the electr?gic cgpture cross-section of the boun-

dary traps the value of (2.0£0.5)x 10°'< cm<. The adjustment is found practi-
cally insensitive to the value taken for the minority carrier capture cross-
section: this can be readily explained in the framework of the model, as the
majority carrier density at the interface is actuaily less than that of the mi-
nority carriers due to the barrier effect of the boundary. The majority carrier
capture cross-section is therefore the dominant parameter of the recombina-
tion at the boundary traps, contrary to what would be expected in the case of
recombination centres in the bulk,

This study also provides a new method of determining the recombination vel-
ocity of the boundary. The value deduced from the photocapacity measure-
ments is about 15 m/s. It would be interesting to check this value against
that obtained by experiments of a different type (Electron or Light Beam Ind-
uced Current measurements), on a similar specimen.

[1] A. Broniatowski, Phys. Rev. B38, 5895 (1987).

() This study is part of D. Bernard's doctoral thesis in physics.




LIGHT BEAM INDUCED CURRENT IMAGING
OF THE ELECTRICAL ACTIVITY OF STACKING FAULTS IN CZ SILICON

A.Castaldini, A.Cavallini

Dept. of Physics, University of Bologna, Via Irnerio 46, Bclogna iTALY
A.Poggi, E.Susi

CNR-LAMEL Institute, Via Castagnoll 1, Bologna ITALY

ABSTRACT

Microscopic inhomogeneities in the electrical properties of semiconductors are of great
importance to device performances, particularly in advanced device technology. Then in the last
few years great attention was paid to the processes which can change the material
microstructure, and, above all, to the gettering techniques, on account of their wide impact on
the overall vield of electronic tailored materials. With this aim., therefore, extended
investigations were carried out, mainly by electron and optical beam testing. In this respect, we
report here some results of a spectroscopic analysis performed on Si intrinsically gettered
samples by a scanning photocurrent microscopy technique[l} similar, in principle, to the light
beam induced current (LBIC) method. However, some differences in the experimental set-up have
turned out to be fundamental from the point of view of the instrument-sample interaction and,
then, of the information obtainable by the induced photocurrent signals. To probe the material,
an above-band-gap energy light from an halogen lamp is focused onto the sample, where a
Schottky barrier was provided. The light path is intercepted by interferential filters in the
visible-infrared range, so as to select the beam wavelength. To probe point-by-point the object,
the sample is moved in a raster fashion across a stationary spot. As in EBIC and LBIC methods,
the electron-hcle pairs generated by the beam give rise to an induced current I(x,y). This
current is measured as analog signhal corresponding to the irradiated point, amplified by the
lock-in technique, converted from analog-to-digital fcrm and, lastly, noise~cleaned by filtering
algorithms. This procedure makes it possible to detect- current changes as low as 10-14~10-1%a.
Since a defect causes a local variation in the photoinduced carrier concentration, it is detected
by the induced current changes. [t should -be pointed out that the investigation method
described above and from now on called IRBIC (Infra~Red Beam Induced Current) method, even if
very similar to the LBIC one, differs from it for an essential element: the extremely low
injection level. The use of an halogen lamp as light source, instead of the laser employed in the
LBIC method, gives very low values of irradiance. This gives rise to problems in the signal
processing, but, on the other side, generates a very low bulk current level (as low as 10-133),
allowing the detection of current changes equal to some parts per cent of this wvalue. [n LBIC
mode [2] the rate of above-band-gap photon emission from a 1-mW He-Ne (6§328A) laser
produces 3.2°10%*photons‘sec-i, Usually it Is supposed that the beam Is attenuated by an
amount a=0.01, so that, on impinging the semiconductor surface, 3.2°10!3 electron-hole pairs are
generated per second. In our investigation we examined the samples with a beam power equal to
3.6*10*'mW. The electron-hole pair generation rate G was calculated by the expression [3]:
G = PuQ(l-1)/(qEs) where Py is the beam power, Q the quantum efficiency, t the back-
scattering coefficient, q the electronic charge and Eg the band gap. In our experimental
conditions G is 1.2°10%ec-t. The intensity of the light impinging on the sample resulted a
decisive factor in the imaging the electrical activity of the stacking faults. Moreover, due to the
ease of changing the wavelength of the light beam probing the sample, depth profiling of the
stacking fault electrical activity was obtained. By this way we detected the occurrence of
minority carrier recombination and generation processes at some stacking faults, corresponding,
respectively, to dark and bright levels in a grey-shade imaging. A possible explanation based on
the presence of fixed charges [4] at the defect-silicon matrix interface is proposed.
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EBIC measurement of bulk and surface recombination in p-type silicon :
Influence of oxidation and hydrogenation
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Effect of oxygen and hydrogen was studied in both single-crystal and
solar-grade polycrystalline p-type silicon.

The variation of EBIC collection efficiency versus voltage was used to
characterize both the local minority carrier diffusion length and the
surface electrical activity.

Preliminary experiments were made to check the effect of different
polishing processes. It was found that industrial basic liquids diminished
the diffusion 1length. Best results were obtained by standard diamond
polishing followed or not by copper nitrate mechano-chemical polishing.
Final preparation with HF , HNOy , CH;COOH mixing was used in all cases.

Hydrogen was introduced by low energy plasma and oxygen by surface
oxidation at 1000°C in dry 0, . The oxide film was removed with HF before
deposit of the Schottky contact (Al thermal evaporation).

The collection efficiency at low beam voltage was enhanced by
hydrogenation, indicating passivation of surface states. However the images
of the hydrogenated samples showed dark zones indicating that surface was
damaged during plasma treatment. No EBIC could be obtained from oxidized
samples, an isolant film - non etched by HF - s supposed to have formed.
Plasma hydrogenation of these samples restored collection efficiency up to
what was obtained in unoxidized hydrogenated samples.

Further experiments are in progress to understand oxygen and hydrogen
influence on silicon near-surface electrical activity.




Beam induced variations of GaAs cathocdoluminescence :
effect of hydrogen and deformation

A. Djemel, J. Castaing
Laboratoire de Physique des Matériaux
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CNRS, 1 Place A. Briand, 92195 MEUDON Cedex (France)

Ve use cathodoluminescence (CL) in a scanning electron
microscope to study deep level reccmbination in semi-insulating
GaAs. Two kinds of specimens were examined (i) as-grown crystals
tefore &and after hydrcgenation, (ii) crystals deformed at high
temperatures before and after hydrogenation. Hydrogen 1is
introduced intc the crystal using a R.F. hydrogen plasma (T =
240°C, t = 90 min.). A consequence of the introduction of
hydrogen 1is a substantial increase of the light emitted under
the electron beam, due to a passivation of deep level centers
(1]
" For a static beam, the CL intensity decays with time in as-grown
- crystals whereas it increases towards a maxi.um in the sanme
. hydrogenated crystals; for long time, the light emission finally
decreases. In deformed «crystals, and before hydrogenation, the
CL intensity is time independent whereas after hydrogenation it
decreases. The characteristics of the variations depend of the
beam parameters (intensity, energy). The phencmena are due to
defect redistributions which alter the concentration of
recombination centers, the defect mobility being enhanced by the
electron bombardment. The similar variations have also been
observed with a laser beam (2], [3].

(1] DJEMEL, A., CASTAING, J., CHEVALLIER, J., & paraitre dans
Revue Phys. Appl. 22, n*7 (1988).

(2] GUIDOTTI, D., HASAN, E., HOVEL, H.J., ALBERT, M.
Appl. Phys. Lett. 50 (14) (1987) 912.

(3] RAJA, M.Y.A., BRUECK, S.R.J., OSINSKI, M., MCLNERNEY, J.
Appl. Fhys. Lett. S2 (8) (1988) 625.
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CATHODOLUMINESCENCE AND POSITRON ANNIHILATION STUDY

OF DEFECT DISTRIBUTION IN M-V WAFERS

F. Dominguez-Adame, B. Méndez, J. Piqueras, N, de Diego and J. Llopis
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Universidad Complutense, 28040 Madrid, Spain
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P. Moser
Service de Physique, Département de Recherche Fondamentele
Centre d'Etudes Nucléaires de Grenoble, 38041 Grenoble, France

Positron annihilation (PA) is a sensitive technique for detection of vacancy-type defects
in crystels, that has been wicely used in recent yesrs to stucy defects in semiconductors (1). On
the other sice, CL and other luminescence techniques have been applied (2) to study the defect
Gistribution in semiconductor wafers. In some cases PA can be useful to interpret results obtained
Eyv CL-SEM (3). in this work PA and CL have been used to investigate the distribution and nature
of defects in GaP:S, GaAs:Te and undoped SI Gaas weafers. CL intensity, dislocation density and
vacency concentration profiles have been measured. The latter has been obtained by positron

lifetime megsurements.

The results in GaP indicate that vacancies act as competitors of the green CL. From
the evolution of CL intensity and positron lifetime during annealing experiments in electron
irradiated GaP samples was concluded that P vacancies and not Ga vacancies are the main centers
competing with the near band edge CL. Dislocation density has not been found to be directly related

to vacancy concentration.

In the doped GaAs no spatial changes of positron trapping vacancies are detected but
a higher vacancy concentration than in undoped SI GaAs is deduced from positron results. Band
ecge CL and dislocation density proliles in the wafers investigated have the same shape only in
S1 GaAs. Some of the results in doped crystals can be explained by the preserce of impurity-vacancy

complexes.

1) G. Dlubek &nd R. Krause, Phys. Stat. Sol. (a) 102, 443 (1987)

2} M. Tejima, in "Defects and Properties of Semiconductors: Defect Engineering”, edited by J.
Chrikawa (Tokyo, Japan: 1987) p. 37
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HOLE-DIFFUSION LENGTH AND TRANSPORT PARAMETERS OF THIN CDS FILMS FROM A
SCHOTTKY BARRIER

Jean EBOTHE

Institut LEREL, Université Louis Pasteur,
4, rue Blaise Pascal, F-67000 Strasbourg
FRARCE

The mincrity carrier diffusicn length of semiconductor thin
films in polycrystalline form is determined with a gecod precisicn oy
ERIC and L3IC techniques (12) The electron or laser beem used is scan-

ed acrcss the junction. The principle applied in these cases might
pe attractive fcr the semiconducting hand sicde cf liguid Schettky bar-
riers. Hcwever, these techniques cannot be easily used for such junc-

3) remain so far more

tions. The methcds bhased con the Gardrer apprcach
conveniernt here, especially when very thin films are ccncerned. In this
centext, two incderendent techniques, =namely, the surfzce photovoltace
(sevy (B (3)

work.

and the ghotcelectrechemical measurements served in this

The optcelectronic and transpcrt preperties cf thin
€3S films, having a thickness of less than 2 um are rsported
two technigues used led to a good agreement in the hole-diffusicn length
val:ies. These rarnce from 0.017 to 0.13 um &and behaved differently in
two zcnes. A ravid increase of this parameter is cbserved belcw a film
thickness c¢f 0,4 um. aAbove this thickress, the value obtained is constant
Specific .space—charge widths are expected bhecause of the respective
measurement conditions. The hole-diffusicn length decreases as carrier
density increases. The hole lifetime shows a regular decreases as the
thickness factcr increases, while the hole-diffusion coefficient ard
meobility patterns are similar to that of the photocurrent.
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BY SIMULTANEOUS EBIC/CL MEASUREMENTS

M, Eckstein, A. Jakubowicz¢!', M., Bode, H.-U. Habermeier
Max-Planck-Institut f£Ur Festkérrerforschung
Heisenbergstrafe 1

D-7000 Stuttgart 80, West Germany

Soth Electron-Beam-Induced Current (EBIC) and Cathodoluminescence (CL)
offer the possibility to study defects in III-V compound semiconductors
with a lateral resoluticn of about 1lum.

With a new method, which uses the simultaneous nmneasurement of both
signals, it is possible to distinguish between different influences on
signal strength (defect structure, defect geometry, deccration etc.) 2and
an excellent reconstruction of the defect geometry can be achievedt(2) .,
Although this method is a very useful tool to characterize defects in
direct gap semiconducters, there are some material dependent difficulties
to measure the required signals when observing texperaturs-induced changes
in defect recombination properties (degradaticn of ccntacts, surface
centamination etc.). We have overcome these prcblems and in this paper we
will repcrt on the applicatien of this technique to investigate the role
of impurity gettering and deccration on the recombinaticon behaviour of
defects in Gaas.

In our experiment we diffused Copper into the crystal. We observed an
increase of the EBIC- and the CL-contrast and changes in the contrast
profiles. With the help of computer simulations these experimental results
can be interpreted as a homogenecus decoration of the defects and the

formaticn of precipitates.

(1) “present adress: Weizmann Institute of Science, Dept. of Structural
Chemistry., Rehovot 76100, Israel
(2) A. Jakubowicz, M. Bode, H.-U. Habermeier: Inst. Fhys. Conf. Ser. No.

87; Sect. 11 (1987) 763




LBIC ANALYSIS FOR GRAIN-BOUNDARY CHARACTERIZATICHN IN INHECOMOGENEOUS MATERIALS
H. EL GHITANI

Laboratoire de Photcélectricité des Semi-Conducteurs

Faculté des Sciences et Techniques de Marseille Saint-Jérome

Université d'Aix-Marseille III - F.13397 MARSEILLE Cedex 13

he interfacial recombinaticn velocity S of Grain

te evalueted by meers c¢f LBIC scan line at wavel
rinite diameter 1light spot. ZCCOK /1/ has prozcsed a rmeticd to cetermire §
tased c¢n trhe protocurrent attenuaticn within a G.3., assuring that th
mincrity cerrier diffusicn lengtih L in the grains Is ccnstant. Thls assumpticn
s in the S evaluaticn
i

i
is nct exgerimentally verified and czuses large error
A mccel has teen develcpred, using the
ccrmpute the LEIC prerfile at different wavelengths taxing in
variaticn ¢f L determined excerimentaliy. This model is velid rfor different

szot diamecters and feor different thicknesses of sampdles.
Ixperizentally, arrays c¢f s:2all dicdes (2 mm™ ) rea

¢nteining regicns ¢f the material were used to drew the L3IC scan linés and

TO measure effective diffusicn length of ninority cerrier by the 3.2.V. method

gt different distances from a given G.3. Zetails ¢f the experimentel technics

nava een ven previcusly /2/.
?igure 1 shows the experi:ental values (®) ¢f the nermalized thetecurrent
witnin a 53.3., and curve 2 is the crcfile ccmcutsd with the present mcdel,

while curve 1 is that com;uted ty means cf ZOCK's methced.

A fairly well ecreement is cbtained tetween the exgerimentzl zoints and
the mcdel, particularly in the vicinity of G.B.
- Directly frem the attenuaticn cf cthotocurrent &t G.3.'s the S velues can
te cbtaired.

References

/Y/ J.2. ZOOK, Appl. Phys. Lett. 37 (2), July (1G682).

/2/ G. MATHIAN, H. AMZIL, M. ZEHAF, J.P. CREST, S. MARTINUZZI &nd J. CUALID,
Solid State Electrenics 26, 131, 1¢383.

Al

! Fig.1. rhetoelectric grofile near G.3.
T / . - (1) Zcck's medel (2) Fresent mcéel
-~ ® Excerimental results.

LYl 190 g 20
X (o=




RECOMBINATION AT DISLOCATION LEVELS LOCATED
IN THE SPACZ CHARGE REGION.
EBIC CONTRAST EXPERIMENTS AND THECRY.

J.L. Farvacque and B. Sieber, Labcratcire de Structure et Propriétés ce
1'Etat Solide. Batiment C&. Université de Sciences et Technicues de
Lille. 59655 Villeneuve d'Ascq Cé&cCex. FRANCE.

Recombination at dislocatiors located in the space-charge-region
(SCR) cf a Schottky éiode has been previously evicdenced by EBIC contrast
experiments [1]. A derth-dependent recombination probzbility was then
chenomenologically ascribed to the cislecation, in créer to fit
theoretical EBIC curves of dislocaticns perpendiculer to the surface
with experimental cnes. A variable radivs e(2) wes assigrned to the
recombinaticn cylinder which described the dislocation (2].

We propose a physical model zssociated with intrinsic dislocatien
croperties to describe the origin cf such EBIC contrasts. They arise
roem the existence of the dislocaticn electric field; it results from
he interaction of tranped carriers and counterbalances the electric
:eld of the Schottky diode in a limited region of the SCR. Thus,
combination of free carriers at the dislocation is allcwed.

The present model is built from a z-dependent occupaticn probability
2t the dislocation sites. It is pointed out that the electrostatic
ootential created by the dislocaticn charge is, at each site, issued
frem its very first neighbours. This potential can be therefore
evaluated in the whole SCR, even when impurity icnizaticn states are
Zepth dependent.

Free carriers and icnized impurities screening mechanism are taken
into account by means of a gereralized Debye-Hickel wave-vector [3]). The
electric potential and fields within the SCR are numerically computed by
sciving Foisson's eguation.

The 2-cdependent radius £(z) is finally teken as corresponding to the
Zistance from the dislocaticn line at which the dislocation
electric field is ecual to that of the Schottky dioce.

ot e o,

EBIC contrasts are simulated by taking a 100% recombination
efficiency within the capture cylinder, and a 10C% ccllecticn efficiency
cutside. Calculated EBIC curves versus beam accelerating voltage and
reverse bias fit quitsswel}3the experimental ones performed on a n-type
CéTe specimen (n=3x10 em "). It is particularly found that the
dislocation level position needed to get the best fit seems to be rear
trhe top of the valence band. These results show that a qualitative
spectroscopy of dislocation states can be undertaken by such EBIC
contrast experiments and analysis.

3. Sieber and J. Philibert (1987) Phil. Mag. B SS 575

8. Sieber (1987) Pril. Mag. B 55 £85

R. Masut, C. Penchina and J.L. Farvaccue (1982) J. Appl. Phys.
53 4964




Majority Carrier Assessment by EBIC: Determination of Dopant
Concentration at Composition Inhomogeneities

C. Frigeri

CNR-MASPEC Institute, via Chiavari, 18/A - 43100 Parma (Italy)

he EBIC mode of an SEM has generally been used to measure the minority
carrier properties of semiconductors such as diffusion length L. However, also
majority carrier properties, i. e. dopant concentration, can be quantitatively
assessed by EBIC if due account is taken of the space charge region (SCR)
associated  with the Schottky or p-n junciion used for charge collection /1/. If
energy-dependent EBIC /2/ is used, the SCR width W is obtained by best fitting of
the theoretical EBIC efficiency (dependent on L and W) to the experimental one.
Dopant concentration is then inversely proportional to W squared. The greatest
accuracy in the determination of W (hence in dopant concentration) 1is achieved
when L is smail (£ 1 pm). For high values of L (> ~3 pum), EBIC efficiency is much
less sensitive to W changes because the diffusion current of the electron-beam-
generated minority carriers is much greater than the drift current, which is mainly
affected by W, so that W determination becomes less reliable. The method is, thus,
very well suited for the evaluation of the majority carrier properties in low
diffusion length semiconductors, like the bulk III-V compounds (GaAs, InP).
Moreover, higher sensitivity is achieved for low doping levels ( ~10'8 cm3) than
for high doping levels (> ~10!3 cm -3). EBIC measurements of dopant concentration
it composition inhomogeneities (growth striations) have been carried out in GaAs
crysials. Evaluation of dopant density obtained by EBIC has been checked by
comparison with the average dopant density measured by capacitance-voltage
characteristics in the EBIC Schottky diode, and by measurement of W as a function
of reverse bias. Very good agreement has always been found. The method has also
been used to calibrate the photoetching technique in n-type GaAs /3/. It has, thus,
been possible to establish the etch rate dependence on dopant concentration which
resulted to be exponential over about one decade of dopant density, smaller
etching rates corresponding to higher dopant concentration. The latter result is
explained as being due to changes in the width of the depletion layer associated
with the band-bending =2t the etching solution-semiconductor interface. In fact,
since six (photogenerated) holes are necessary to dissolve one GaAs molecule at
the surface /4/, the fewer the available holes the lower is the etching rate.
Therefore, low doped regions exhibit higher etching rates than the highly doped
regions because the surface depletion layer (where the holes most likely do not
recombine) is larger for the low doped regions than for the high doped ones.

1) C. Frigeri, Inst. Phys. Conf. Ser. 87, 745 (1987).

2) C.J. Wuand D. B. Wiury, J. Appl. Phys. 49, 2827 (1978).

3) C. Frigeri, J. L. Weyher, and L. Zanoui, J. Electrochem. Soc., in press.

) J. van de Ven, J. L. Wevher, J. E. A. M. Meerakker, and J. J. Kelly, J.
Electrochery. Soc. 1323, 799 (1986).




Oon the Two-Dimensional Determination of p-n Junctions with the EBIC
Collection Probability

W. Herrpe, M. Kittler

Acaderxmy of Sciences of the GIR

Institute of Semiconductor Physics, Frankfurt (Oder) - GLR

Both the intrinsic defect structure in semiconducting materials and the
technological steps during microcircuit manufacturing (e.g. implantation,
rapid thermal processing) affect the diffusion process of dopants. Using
the electren-beam-induced current (EBIC) technique it is possible to
deternine in an experimental way the site of the space charge region and
of the electrical p-n junction, respectively.

In this paper the capabilities of reconstructing the one-dimensional
depth distributicn {(z) and the cross-sectional distribution C(x,2) of
the charge collection prcebability ?(;) are discussed. 3zsed cn the
assumption, that ?(;) achieves its maximum value at the site of the
electrical junction, ?(g) can be used for the p-n junction delinaticn
frem Z3IC measurements. This practical method of EBIC data interpretation
suits in situations, in which the material parameters of the devices
under investigaticn, i. e., the diffusion length of the minority carriers
and the surface recombination velocity, are widely unknown.

The starting point in our dicussion consists in the recovery c¢f the depth
distribution 97(2) from EBIC collection efficiency measurements by both,
a trial-and-error method (PCSSIN, RIRRPATRICK 1980) and an analytical
solution of the inversion problem (DONOLATO 1986). Emphasis is put on the
possibility to determine the two-dimensional charge collection probabi-

lity ‘?(x,z) from EBIC measurements on cleaved samples.




EBIC MEASUREMENTS OF ANNEALED BILICON BICRYSTALS
A. IHLAL and G. NOUET

Laboratoire d’Etudes et de Recherches sur les Matériaux
ISMRa-Université de Caen, 14032 CAEN CEDEX (FRANCE}

Two silicon bicrystals have been analyzed by EBIC to deter-
mine the evolution of minority carrier properties such as diffusion
length, L,, and recombination velocity, V., after different thermal
treatments. The geometric orientations of bicrystals are 26°62 <001>
Z13 and 16°26 <001> Z25. The grain boundary planes are (510} and
{710) respectively. Small deviations of the order of 0,15 to the
exact coincidence orientation are observed. The thermal treatments
were carried out in a high purity argon flow at 450°C, 750°C and
950°'C for 2, 24, 48, 75 and 92h. :

The concentrations of interstitial oxygen and substitutional
carbon were determined from infra-red spectra by measuring the
absorbance of 1107 cm”' (oxygen) and 604 cm'!' (carbon) bands. The
doping rate of the as~grown bicrystals was deduced from C=£(V)
plots : 5.1 10'¢ P at.cm'3 (Z13) and 3.6 10'* P at.cm'® (Z25). For
the thermal treatments at 450°C and 750°C the concentration of free
carriers in the bulk can vary because of the formation of thermal
donors (450°C) and new donors (750°C). So their concentrations were
deduced from V = f(B) plots by determining the Hall constant R,. The
parameters L, and V. were measured using Donolato’s model.

For the as-grown condition, a very slight EBIC contrast is
cbserved for both bicrystals, the recombination of Z13 seems to be
slightly higher than that of Z25.

The recombination becomes real for the treatments 75h 450°C
and 92h 450°C and a slight increase of the free carrier rate is
cbserved for the ZX13 orientation whereas this rate is nearly cons-
tant for the £25 orientation. No significant variation of oxygen and
carbon concentrations is detected.

The 750°C treatments are characterized by the formation of a
EBIC dotted contrast for the £13 orientation except for the shortest
treatment which shows a homogeneous contrast. For the Z25 orienta-
tionn, the contrast varies from homogeneous (2h), homogenecus plus
dotted contrast (24h, 48h), homogeneous (75h} and finally dotted
{92h). This dotted contrast has been attribued to precipitates but
no clear evidence of a decrease of the oxygen concentration has been
measured. Conversely, the behaviour of free carriers is more complex
and the formation of acceptors can be assumed (Z13).

At 950°C, the EBIC contrast is always dotted for the Z13
orientation except for the shortest treatment (2h), in this case a
homogeneous contrast is detected with a very weak dotted contrast.
For the £25 orientation the EBIC contrast is always homogeneous,
very strong, whatever the temperature. It is worth noticing that a
supplementary band (1225 cm'! ) attributed to §i0, precipitated is
detected for the 75h treatment. A decrease of the interstitial oxy-
gen is also measured for the 92h treatment but the supplementary
band has not been seen.

Two types of precipitates have been observed by TEM : a ho-
mogeneous distribution of small precipitates (~ 5 nm) and larger ag-
gregates (100 nm). The distance between the largest precipitates
corresponds approximately to the distance between the darkest spots

observed in EBIC mode.

From these observations, it is clear that, at least, two ty-
pes of EBIC contrast, homogeneous or dotted, ara detected. If the
dotted contrast can be due to the largest precipitates, the homoge-
neous contrast could be attributed to the smallest precipitates.
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Reconstruction of the Defect Geometry by simultaneous

EBIC/CL Measurements; Theory and Experimental Results

A.Jakubowicz®, M. Bode and H.-U. Habermeier
Max-Planck-Institut fiir Festkérperforschung
Heisenbergstrasse 1, D-7000 Stuttgart 80

Federal Republic of Germany

Electron beam induced current (EBIC) as well as Cathodoluminescence (CL) are widely used to
investigate defects in semiconductor materials. A quantification of these methods, however, is difficult,
since several possible effects may contribute to the observed contrasts (e.g. geometrical changes of the
defect or a varying recombination along the defect).

Recently a new model was proposed (1] to overcome these problems for lJuminescent materials such as
GaAds by a simultaneous measurement of EBIC and CL. The different effects due to the diffusion length
L of the minority carriers and the absorption coefficient a of the photons on the two signals allow to
determine the local depth of a defect {rom these measurements. In this way the geometry of the defect
can be reconstructed. ‘

Together with the EBIC- or CL-contrast this allows to separate the geometrical contributions to the
contrast from the contributions due to a varying recombination strength.

We will present the theory for this new method, together with experimental results on known defects

in GaAs to show the excellent agreement between real structure and reconstruction.

(1] A. Jakubowicz : Defects in Semiconductors, Proc. 14'* Int. Conf. Def. Semicond. {ed. H.

Bardeleben, Trans Tech Publ., Switzerland) Mat. Sci. Forum Vol. 10 - 12, 475 (1986)

* present adress : Weizmann Institute of Science, Dept. of Structural Chemistry, Rehovot 76100, Israel




INTERNAIL, MEASUREMENTS FOR FAILURE ANALYSIS AND CHIP VERIFICATION
OF VLSI CIRCUITS

J. K6lzer and J. Otto

SIEMENS AG, Corporate Research and Technology
Otto-Hahn-Ring 6, D-8000 Miinchen 83, Federal Republic of Germany

Chip verification and failure analysis during the design evaluation of
very large scale integrated (VLSI) devices call for highly accurate inter-
nal analysis methods. After having characterized the first silicon by au-
tomated functional testing, classification and statistical analysis can be
carried out: In this way a rough electrical evaluation of the material un-
der investigation can be made. Further clues to a faulty device behavior
can only be obtained by internal measurements. Serious malfunctions of
circuit blocks and internally traced signals can easily be detected by
scanning electron beam operation, making use of the gqualitative voltage
contrast; several individual modes of operation are known, such as voltage
coding, logic-state mapping and frequency tracing and mapping, for example
(1]. While electron beam testing is indispensable for nondestructive and
nonloading measurements on submicron interconnection lines [2] mechanical
probing can be used for waveform measurements on less critical geometries,
too (3]). Hot spot detection (liquid crystal thermography) can be a very
helpful and also nondestructive analysis tool for localization of defec-
tive areas [4). Areas of high power dissipation on the chip can easily ke
located, because they appear as black spots when the IC-surface is viewed
through crossed polarizers in the optical microscope. In situations where
there does not appear to exist a direct link between the occurance of hot
spots and the actual defective area, the laser is a powerful tool, solving
this problem by subsequent cutting of metallization lines [5). Additio-
nally defect identification often calls for destructive methods like wet
chemical and plasma etching followed by light or SEM inspection.

In an extreme case of failure analysis the storage function of a memory
device was crippled by systematic defects inside the chip’s periphery
which could be observed, localized and identified. A further step taken
was laser manipulation at the chip level, which restored the chip's func-
tionality (6] The comprehensive analysis strategy used here places a
greater emphasis on verifying the failure cause through chip manipulation,
resulting in a steeper learning curve during the product development.

Internal measurements on submicron interconnecticn lines for chip verifi-
cation call for a highly accurate electron-beam tester. The system perfor-
mance requirements for CMOS circuits in the sub-uym regime are: a 0.1 um
spatial resolution at a low electron acceleration voltage of 1 kV, and a
probe current of more than 1 nA, a temporal resolution of approximately
500 ps, and a voltage resolution of about 20 mV. To fulfill these require-
ments a new electron optical column has been developed in collaboration
with Integrated Circuit Testing GmbH (7). The main feature of a low-aber-
ration compound spectrometer objective lens is the suppression of line-to-
line voltage coupling to less than 2 %. Some examples illustrate that the
newly developed electron optical column satisfies all the requirements for
internal measurements on VLSI circuits.

{1) E. Wolfgang, Micrcelectronic Engineering 4 (1986) pp. 77-106

{2} J. X8lzer, F. Fox and D. Sommer, submitted to the Electrochemical Society., Chicago,
Oct. 9-1l4th, 1988.

Hiatt, 1EEE (1980) 116-120

Beck, Qualjty and Reliability Engineering International 2 (1986) 143-151

Yamaguchi et al., IEEE, Journal of Solid-State Circuit SC-20 (1985) pp. 1259-1264

Kdlzer, F. Frieling and D. Cutter, Microelectronic Engineering 6 (1987) 23-28

Frosien and E. Plies, Microelectronic Engineering 7 (1987) 163-172
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In s1tu observation of dislocation motion in CdTe
using EBIC.

J. Kronewitz and \V.Schrdter

4.Physikalisches Institut and Sonderforschungshereich 126,
University of Gottingen, D-3400 Gortingen,
Bunsenstr.11-15, Federal Republic of Germany

Abstract

Dislocations in compound semiconductors are thought to be decorated with point
defect clouds that may dominate the observed electrical activity. We were able to
separate the point defect cloud from the dislocation by in ity observation of dis-
location motion using a deformation apparatus installed in the scanning electron
microscope. CdTe crvstals were deformned by compression at room temperature.
Concerning the EBIC-cuntrasts associated with moving dislocations we have dis-
tinguished two cases:

1) Some dislocations showed almost no EBIC-contrast hetween their initial and
their final position. Dislocation motion was only detectable by the occurence and
growth of a new contrast while the contrast at the initial position slowly disap-
peared. We have concluded that in this case the EBIC-contrasts were mainly due
to point defect clouds which were left behind when the dislocations moved and
had to be re-established at the final position.

2} Other dislocations in the same specimen moving in the same direction showed
EBIC-contrasts of constant intensity during motion. even at a velocity of up to
10 microns per second. No contrasts remained at the initial positions of these
dislocations. In this case the origin of the EBIC-contrast seemed to be fixed to
the dislocation line also during fast motion.

Different dislocation types or different tv-pes of decorating point defects may be
responsible for the different EBIC-contrasts during dislocation motian.




Deping Profile Inspecticn in Silicen by Low
Acceleration Veltage SEIM-IBIC

Reinhard Kuhrert

Siemens AG, Research Laboratories, D-8000 Minchen 83
Ffederal Republic of Germary

E3IC micrographs of secticnal planes are a common tool for the
celineaztion ¢f p/n-junctions. The EBIC contrast has been inter-
preteé based on models originating from van Rocsbroeck /1/ in
which the specimen is characterized by a recombirnation velocity
&t the sectional plane and a bulk recombination parameter (e.qg.
the minority carrier diffusion length).

In this work, VLSI devices are inspected at lcw primary
electrcn accelerating voltages. The ZBIC contrast is manifestly
éepencent on the preparation of the sectional plane (cleaving or
lapping with subsequent icn milling with argon cr oxygen and
with or without additional annealing) and in neither case can be
explairned by van Roosbroeck's mocel, since the EBIC maximum does
r.ot ccincide with the space charge area of the p/n-junction.
Thus, a new mnodel 1is develcped, based c¢n the following
assuxztions

A sectional plare introcduces surface states, and as a result
the Zermi level is pinned. The electric field perpendicular to
the sectional plane can Le expressed in Schottky's
gppreximaticn.

The minority carrier lifetime beneath the secticnal plare is
édrastically reduced by damage introduced by lapping and
sputtering or cleaving. Thus, the carrier separaticn is governed
oy the electric field, not by diffusion.

Derending on specimen preparaticn on p-type silicon zan
inversion channel mgy transport minority carriers to the n-type
regicn where they c¢an be detected as beam induced current. On
a-type silicon a mninority carrier channel dces not exist and,
thus, 2 beam induced current can nct be detected.

As a result of these assumptions, the collecticn efficiency
0 can bpe expressed as a function of Fermi level position at the
secticnal plane @3 5 (measured from the top of the valence
band), the surface lifetime T1g, the surface mobility Ug. the
primary electron extrapolated range Rg, and the (p-type) doping
concentration Np.

Fer discussion the doping profiles of several specimens were
measured with SIMS or calculated with a numerical simulation
prcgran (SUPREM III) and the model calculations are compared to
ZBIC measurements. ror drain profile inspection a resolution of
S0 nm is achieved.

reference :

/1/ : W. van Roosbroeck : "Injected Current Carrier Transport in
a Semi-Infinite Semiconductor and the Determination of
Lifetimes and Surface Recombination Velocities",

J.Appl.Phys. 26{(4), 380-391, (1953)




High spatial resclution electron beam induced current.
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J-L. MAURICE
C.N.R.S.

Laboratoire de Physique des matériaux
1, place Aristide Briand - 92195 MEUDON FRANCE

Thin samples were used to diminish both beam spreading and effective
minority carrier diffusion length, in order to eventually obtain better
spatial resolution [ 1,2 ].

Schottky contacts were deposed by thermal evaporation of Al on p-Si
and of Au on n-Si. The experiments were carried out on bicrystals with the
grain boundary (GB) running from thick to thin zones. Recombination
velocity of the GB considered ( £ = 25, annealed ) was always greater than
103 ms™'.

Contrast width at half maximum diminished with thickness : starting
from 10 - 15 um in the bulk it became = 1 um in zones of 1 um approximate
thickness. The EBIC collection efficiency at that level was, with respect

to the incident beam intensity, = 1 %. The signal vanished in zones thinner
than 1 um.

(1] : P-M. PETROFF in "Microscopie électronique en science des
matériaux”, éditions du CNRS, Paris 1983, p. 311.

[2] : C. CABANEL, J-L. MAURICE, J-Y. LAVAL
Materials Science Forum 10 - 12, 545 (1986).




EXTRINSIC ORIGIN OF RECOMBINATICN CENTRES AT GRAIN BOUNDARIES IN P TYPE
SILICCN BICRYSTALS.
M. PASQUINELLI, N. M'GAFFAD*, H. AMANRICH, L. AMMOR and S. MARTINUZZI
Laboratoire de Photoélectricité des Semi-Conducteurs
Faculté des Sciences et Techniques de Marseille Saint-Jérdme
Université d'Aix-Marseille III - F.13397 MARSEILLE Cedex 13

The c¢rigin of reccmbinaticn centres at grain boundaries (G.3.'s)
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Yi3 in "CzZ" grcwn Dbicrystals, dcped with 1013 cm—3 becron atcms, ha
esticzted. L.3.I.C. scan méps et A= 940 rm and glebal carpacitive
u s {C-V plots, DLTS) applied to the spece charge regicn of G.3.'s,
en used. The first technic &llcws <the lccal cdeterminaticn of
izl recombinaticn veleccity S, while the seccnd cne leads to averege
s energy Z., density Np gnd crcss section O cf reccmbination centres
of G.B.'s. Zeping atoms prefiles can also be obtained within G.3.'s.
The resulis indicate that the two types of G.3.'s, and zerticuleriy X3
t: be

nzve nct a noticeable recombinaticn activity in

n

£
n2 as grew:
ng c<everal hcurs are

innealings at temperatures about 600°C, at least, curi:

nesdad to z2ctivate X13 G.3.'s heterogeneously.

Tre averzge values of ET cttained ty ELTS &are in the range cetween 0.4
5 2J/. Feor such vealues, it was repcrted that cxygen cor Si0O_ rrecipitates

te the source of these deep levels /1/.

in zédéitien, Setistella et al. /2/ heve ctserved that the activaticn cf
3.8.'s is heterogeneocus and due to leccalized reccembining clusters.

As the investigated "CZ" silicon contains a large amcunt cof oxygen, it
could be assumed that oxygen segregation by G.3.'s explains the enhancerent cof
reccmbinaticn activity during the annealings. X239 G.2.'s remain poorly
recombining, probably because dopant atoms have been segregated during crystal
¢rewth, 2s suggested by the doping profile within a G.3. given by figure 1.

references

/1/ K. SCH¥ALZ, F.G. KIRSCHT, H. KLOSE, d. RICHTER &nd K. TITTELBACK-HELMRICH,
Fhys. Status Solid (a) 100 p.567 (1¢87). th

/2/ F. ZATISTELLA et A. ROCHER, Proc. cf 6
Lonéen, April 1985, pp.113-117.

furcpean Fhcetoev.$ol.2n.Coaf.
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Fig.1. Yet density of negative chearges
in the spéce charge region of
L9 G3 after annealing at °00°¢C
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EVOLUTIONS OF GRAIN BOUNDARY RECOMBINATICON ACTIVITY IN POLYCRYSTALLINE
SILICON INVESTIGATED BY LBIC MAPPING AND DLTS.

M. PASQUINELLI, N. M'GAFFAD*, H. AMANRICH and S. MARTINUZZI

Laboratoire de photoélectricité des Semi-Conducteurs

Faculté des Sciences et Techniques de Marseille Saint-Jérdme

Université d'Aix-Marseille I1II - F.13397 MARSEILLE Cedex 13

In large ¢grained pciycrystalline
grain btcuncdaries (G.3.'s) is typically heterogenecus. Thls activity may te
eveluated Lty the determination c¢f interfacizl recerbtination velccity 3
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Frhoteconductance & ve oTeen used to
evaluate &, while D.L.T.S. rmeasurements é&pplied to the sgacs cherge regicn
G.3.'s yield activaticn energy Z-, Censity NT and capture cress secticn 04 cf

i

asscciated centres.
In &as-grown rolyx wafers, S 1s generally fcuné in th
~104

Annealings In ergon at ctergeratures arcund 7C6°C incr
&

-
<
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e
- -1 : c o . .
10 cm.s érd deep trap levels are lccazed within the =id gap.

while E. &nd 0, remain generally consiant. These r

@ the reccmbination zactivity cf G.B.'s, anrealings In hydrcgen
gas flcw &t 22C°C during 2n have teen used /1'/. The ccmpariscn of the
mezasured characteristic values shcws that S decreases ty cne crcéer of
magnitude et ilezst. D.L.T.S. indicate that Ho decreases, wnilie B, and 0. are
not afrected Lty the treatment.

The preceeding results could te expiained assuming that hydrogen
passivation is not extended to the entire G.3. area and that in the regicn in
which hydrcgen has renetrated, all the recombination centres can te
tassivated. This 1lest evoluticn is reversible, as annealing the wefers in
argen at 350°C during 2 hours is sufficient to restitute the initiel value of
S, suggesting that S5i-H bonds are not fcrmed.

reference
/1/ 3. AMZIL, Thése d'Etat Marseille 1%65.




TEMFERATURE DEPENDENCE OF CL AND EBIC IMAGES OF DISLOCATED GaAs AND Si
T. Sekiguchi, Y. Miyamura and K. Sumiro
Institute for Materials Research, Tohoku University, Sencdai 980, Japan

The interactions of dislocations with impurities and,/or point defects in GaAs and Si crystals with
various thermal histories are investigated by observing the temperature dependence of the CL and EBIC
images. Since the impurity distribution around a dislocation changes drastically with temperature, the
specimens with different thermal histories show various CL or EBIC centrasts reflecting the distribution
of impurities and/cr peint defects.

(1) CL in GaAas

LEC-grown GaAs crystals doped with different concentrations cf Si zre studied by means of
cathodoluminescence. The observations at room temperature with a S1 photomuitiplier reveal the followings.
The higher the Si concentration is, the stronger the CL intensity is. The CL contrast is rather uniform
throughout the specimen of a high doped crystal, while a contrast pattern related to the distribution
pattern of dislocations is observed in a low doped crystal. An in\‘estigationl) is done to see how the
CL contrast pattern is influenced by thermal history of the specimen with a low doped crystal with Si
ihe electron concentration of which is 1 x 106 em ™ In an as-grown crystal the grown-in dislocations
zre observed azs dark spots with bright regions around them. A specimen rapidly cooled zfter annealing
gt 1050C shows a uniferm CL contrast.  On the other hand. the specimen slowly cooled from 1030°C
shcws the CL contrast similar to that in the as-grown crystal. This results from the interaction between
cislocations and the non-radiative recombination centers.,  Various heat treatments of the specimens reveal
that the impurities related to non-radietive reccmbination centers are gettered by dislocations mest
effectively at temperature around 750°C.

Temperature dependence of the CL contrast is studied with the same specimen using a Ge detector.
The spatial distribution ¢f CL intensity shows a quite complicated change with respect to the temperature
of the observation. The CL intensity is rather uniform at temperatures below 40K irrespective of
dislocation distribution. In the temperature range 30 to 80K the CL intensity around a dislocation
becomes strong. At 120K another contrast pattern which is not related to the dislocation distribution is
developed. At room temperature the regions in the vicinity of dislocations show much stronger CL than
in the regions far from dislocations.

(2) EBIC in cast Si

Cast Si crystals (p-type : B doped) annealed at 800°C are studied by EBIC techniqueZ). The
specimen quenched from 8007 shows dark contrasts along dislocations.  On the other hand, the specimen
slowly cooled from 800°C does not show such contrast around dislocations at rocm temperature. However,
it shows the similar contrast as in the quenched specimen below 120K. On the assumption that
recombination occurs via one shallow acceptor level and the hole occupation probability of which is
croportional to the recombination efficiency, the energy levels of the recombination centers are determined
to be E, +0.38eV and E, +0.11eV for the quenched and the slowly cooled specimens, respectively. from
the analysis of the temperature dependence of the contrast pattern. They correspond to the ‘evels of
Fe interstitials and Fe - B pair, respectively.

1) T.Sekiguchi and K.Sumino : Jpn. J. Appl. Phys. 26 (19887) L.219
2)  Y.Miyamura. T.Sekiguchi and K.Sumino : (o be published (1988).




IC AXND MACRCSCOPIC EVALUATICN OF THE RECOMBINATION CCNTRAST
IN PLASTICALLY DEFCORMED AND ANNEALED SILICCN BY MEANS OF EBIC-SZIM

L.W. Snyman
Fhysics Derpartment, University of Port Eliczabeth,
Port Elicabeth, 6CC0 South 2africa.

Single crystallire silicon bars were plastically dceformed in the
temgerature range §8S0°C - 1200°C and annealed for periods ranging
frcm 0 - 1 hour.

Tre recembination contrast in the crystals was assessed on both a
microscepic and on a macroscopic level by using different Schettky
ccntzct and electron beam scanning ceometries.

In particular, a special through-Schottky contact imaging technique

was developed that enabled evaluation of the mincrity carrier

0,

n
a
iffusicn length over large crystal areas (200um x 200um) while still
resolvirng recombination contrast from individrval defects in the
crystal. This technigque was facilitated by using a special beam
current measuring mechanism in the collection circuitry and, with the
aid o©0f some theoretical manipulations, enabled the accurate
experimental determination of the collecticn efficiency c¢f the
Schcttky contact for mincrity carriers as a function of beam positicn
ard also as a function of the EBIC signal level. By employing the
collection efficiency dependency as a function of the minority

carrier diffusion length at high kV injectionl'z,

the grey levels in
the final EBIC image could be accurately calibrated in terms of the
the minority carrier diffusion length. Thus contrast due to
reccmbination at individual cdefects is preserved while the background
EBIC grey level between the defect contrast depicts the value of the
mincrity carrier diffusion length in the vicinity of the defect.
This technique therefore has gqreat potential £or application in

cdefect cettering studies.

The main results of the study and the detail of the imaging
technigues will be presented.

Peferences:
1. € J Wu and D 3 Wittry, J Appl Physics 49, 2827 (1978).

2. R D Bell ard J I Hanoka, J 2ppl Physice 53, 1741 (1982).
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SEM/EBIC STUDY OF ELECTRICAL PROPERTIES IN BULK AND
AT GRAIN BOUNDARIES IN Sb-DOPED GERMANIUM

N. Tabet*, C. Monty
Laboratoire de Physique des Matériaux, CNRS, 92155 MEUDCN, France

SEM/EBIC * technique has been wused recently to investigate both bulk and grain
boundaries (GBs) electrical properties in germanium polycrystals [1]. In this
work, the minority carrier diffusion length has been deduced from Schottky
contact efficiency measurements using an original model taking into account the
recombination of electronic carriers at the metal-germanium interface [2]. The
EBIC  aobservation of GBs shows three different behaviours : 1) active
suboundaries, 1ii) inactive suboundaries and iii) inactive highly misoriented
grain boundaries. These defects have been characterized from a structural point
of view wusing X-Ray topography (Berg Barrett) and ECP {Electron Channeling
Pattern).

The EBIC contrast profiles measured on the active suboundaries have been
znalyzed using Donolato model [3].

The GBs recombinaison velocity of the holes deduced from these measurements is
around 5.10%cm/s.

The influence of varicus heat treatments has been also studied. The results show
that the bulk minority carrier diffusion length decreases from 16 pm to 3 um
after an annealing at T = 812°C during t = 2 hours. Moreover, some inactive GBs
show a high white EBIC contrast after annealing. It has been shown that this
behaviour is a consequence of the hole diffusion length decrease in the bulk.

EBIC measurements have been performed at various temggratures (150K-300K) and
for different injection levels. The results show the pre.ence of a hole trapping
process at some GBs. Such traps behave as recombination centres when the
temperature decreases and/or injection level increases.

-

Electron Beam Induced Current

* Permanent address : Laboratoire de Physique des Solides.
Université de Constantine, Algeria.

[1] N. TABET, C. MONTY, Phil. Mag. B, 6 (1988) 763.
(2] N. TABET, R.J. TARENTO, Phil. Mag. to be published.
(3] C. DONOLATO, J. Appl. Phys. 54 (1983) 1314.




Scanning Isothermal Current Transient Spectroscopy (SICTS)

for Deep Level Characterization

Yozo TOKUMARU, Hideyo OKUSH1* and Hiroyoshi NAKA**
Chuo University, Kasuga, Bunkyo-ku, Tokyo 112
x Electrotechnical Laboratory, Umezono, Tsukuba, Ibaraki 305

xx Micronics Japan Co., Ltd. Kichijoji-honcho, Musashino, Tokyo 180

We reported Isothermal Capacitance Transient Spectroscopy (ICTS),
with which deep level signals can be obtained spectroscopically under
isothermal condition. '’ ICTS was applied to the measurement of deep
states in amorphous and crystalline semiconductors. 2'3®! This method
has an advantage : measurements are made at constant temperature.
Therefore, this method is considered to be more suitable for the
microscopic spatial characterization than scanning DLTS. ¢!

In the present case, we measure current transient signals instead
of capacitance transient ones and plot tI(t) vs t or tdI(t)/dt vs t (t
is time and 1 is current). A peak appears at a time corresponding to
“he emission time constant of a deep level, whose height gives the
density of the level. The measurement and signal processing are
performed with a computer-aided measurement system. Optical beam pulses
from a semiconductor laser are used to fill the deep levels with
carriers and the specimen stage is moved mechanically for scanning with
the optical beam.

Ve have applied this ICTS method to the characterization of gap
states in undoped a-Si:H films. It has been found that the behavior of
transient current I(t) agrees well with that of capacitance and I(t) is
due to the thermally excited carriers (holes). SICTS measurement has
been performed on the material and the gap state distribution has been

obtained.

1) H. Okushi and Y. Tokumaru : Jpn. J. Appl. Phys. 21 (1981) Suppl.
20-1, p.261.

2) H. Okushi : Philos. Mag. B 52 (1985) 33.

3) H. Tomokage, T. Miyamoto, H. Okushi and Y. Tokumaru : J. Appl. Phys.
82 (1987) 4808.

4) P.M. Petroff and D.V. Lang : Appl. Phys. Lett. 31 (1977) 60.
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SETERMINATION OF ELECTRON BEAM CHARGING CONDITIONS OF OXITES
AT LOW ENERGY IN THE LOW DOSE RANGE

M. VALENZA, P. GIRARD, B. PISTOULET

Laboratoire d'dutomatique et de Microélectronique de Montpellier (UA 371)
Université des Sciences et Techniques du Languedoc
Place Eugéne Bataillon - 34060 Montpellier cedex, France

Scanning <Electron Microscope (SEM) voltage contrast techniques proved to
constitute a valuable tool for testing integrated circuits (IC). However, the
active components may be damaged by electron beam irradiation, so that it is
of great importance to determine accurately the allowable limits.

Differents types of effects arise and starting from high to low primary
energies, two zones may be distinguished. In the case of <classical MOS
transistors, if the primary electron (PE) penetrate down the gate oxide,
strong charging effects result (1) but if the PE are located on the top oxide
above the polysilicon gate only existing flaws inside the gate oxide are
inflvenced by reemitted photons. So the sensitivity of the observed threshold
voltages shifts are strongly dependent on the incident beam energy (1,2). In
the case of the floating gate MOS transistors, due to the fact the deposited
charges by the electrons on the top oxide are not electrostaticaly  screened,
an additional channel conductance modulation occurs.

The purpose of this paper is to show the achievement of e-beam charging
evaluations on insulators using MOS floating gate transistors. This methad is
acnieveble in classical SEM without any additional surface preparation.

We present the different ways to obtain quantitative results using either a
couple of «classical and floating gate transistcrs either a controlled gate
element. The -equations governing the electrical characteristics of the
floating gate MOS transistors are derived, they show good agreement with the
experimental results. The deposited charges may be evaluated both in linear
or saturation regions of the devices zssuming a previous characterization of
the technology used. The negative charging evaluation are obtained in the 2-6
keV range and our method allows the determination the following magnitudes
1.10°% -1.10°% C.cm2 . Basing on these results, it is shown that surface charge
exchanges are necessary to fit experiments and theory in the range considered.

Finally, we have shown the possibility of e-beam charging evaluations on
microelectronics insulators, wusing sirple MOS devices, with good accuracy and
sensitivity.

REFEREXCES

1- X. Nakamae, H. Fujioka, X. Ura, Measuremeats of deep penetration of low
energy electrons into metal-oxide~semiconductor structure. J. Appl. Phys.
52(3) (1981) p. 1306.

2- P.Girard, Developments in voltage contrast, Scanning Microscopyv, 2, 1
(1988) 151.
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Thickness Dependence of Cathodoluminescence in Thin Films

Yuan J, Berger ST and Brown L M

Cavendish Laboratory, Madingley Road, Cambridge CB3 OHE, U.K.

Abstract. - Thin film samples have been increasingly used in high resolution imaging studies .f
cathodoluminescence (CL) from materials, in order to achieve the smallest CL source possible[1-3]. The analvsis
of the luminescence signals from thin film material is often hampered by the changes associated with the film
thickness variation. This thickness effect has been analysed in a simple model which takes into account the
diffusion of the excited states in thin films. The elecoon beam is assumed to provide a uniform excitation density
over the endre film thickness appropriate to electron transparent films (the definiton of which is also given). The
intensity variation of CL signal as a function the foil thickness t is given by the formula I(t) = I5(t- —%L—-)
coxh:—E + f
where L is the diffusion length of the energy carrier in a bulk sample; f is the rato of the bulk diffusion 'velocity'
L/z to that of the surface diffusion velocity s. Both physical parameters can be obtained from a plot of the CL
intensity verses the film thickness. This has been applied t0 a number of materials such as Y~03.Eud+,
YAG:Ce3+, Diamond and InP. For the last two types of materials, the result of the analysis is consistent with
those from other experiments{3,4]. For phosphors with a relatively large doping of luminescent ions, the
saturation effect caused by an intense excitation density must be taken into account in interpreting the physical

parameters deduced(s,6].

(1] Pewoff PM, Lang D V Strudel J L and Logan R A, SEM, 1(1978), 325, SEM Inc. Chicago

{2] Pennycook S J, Brown L M and McGovem S, Phil. Mag. 41A(1980), 589-600

[3] Myhajlenko §, Batsione J L, Hutchinson H I and Steeds J W, J. Phys. C: Solid State Phys. 17(1984),
6477-6492

{4]Sellschop J P F, 'Nuclear probe studies', in The properties of diamond (1979), ed. Field J E, Academic
press.

{5]Berger S, McMullen D, Yuan J and Brown L M, Inst. Phys. Conf. Se. 78(1985), 137

(6]Berl A, Physica XV(1949), 361

¥ Present address: AT&T laboratories, Murry Hill, New Jersey 07974, USA
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